Abstract | Obesity, which results from an imbalance between calorie intake and expenditure, now affects over 500 million individuals worldwide. Lifestyle and behavioural interventions aimed at reducing calorie intake and/or increasing energy expenditure have limited long-term effectiveness due to complex and persistent hormonal, metabolic and neurochemical adaptations that defend against weight loss and promote weight regain. Surgical treatments for obesity, although highly effective, are unavailable or unsuitable for the majority of individuals with excess adiposity. Accordingly, few effective treatment options are available to most individuals with obesity. In the past, the use of antiobesity drugs, seemingly the logical choice to fill this therapeutic gap, has been limited because of a lack of efficacy, poor long-term adherence rates and serious adverse effects. In 2012, the FDA approved two new medicationslorcaserin and phenterminetopiramate controlled releaseand is currently reviewing the resubmission of naltrexone sustained release-bupropion sustained release. This Review presents the available data on the efficacy and safety of these three medications and discusses future perspectives and challenges related to pharmacological weight management.
Introduction
Obesity, which currently affects over 500 million people worldwide, 1 is a complex multifactorial disorder character ized by the accumulation of excess body fat. Once established, obesity often develops into a chronic, progressive, debilitating and treatment-refractory condition that adversely affects physical function, mental health and quality of life. 2 Obesity also has important economic effects for the individuals affected, their employers and health-care systems. 3 Although the primary driver of weight gain is an imbalance between calorie intake and expenditure, lifestyle and behavioural interventions aimed at correct ing this imbalance have limited long-term effectiveness. 4 Lifestyle interventions for obesity are generally character ized by high rates of recidivism or weight regain, which are often interpreted as a lack of will power on the part of the patient. However, emerging evidence suggests that complex hormonal, metabolic and neurochemical changes are associated with weight gain and result in powerful biological adaptations that both defend against subsequent weight loss and promote weight regain. 5 These counter-regulatory adaptations include persistent changes in neurohormonal activation of appetite 6 and marked reductions in resting and activity-related thermogenesis. 7, 8 Taken together, this orchestrated biological response to weight loss explains why the vast majority of individuals who lose weight as a result of l ifestyle interventions alone fail to keep the excess weight off.
The primary aim of pharmacological treatment for obesity is to suppress the biological drivers of weight gain and/or dampen the counter-regulatory response to weight loss and thereby enable patients to achieve and sustain clinically meaningful reductions in body weight. However, given the complexity and redundancy of the neurohormonal systems that control hunger, appetite, satiety and other aspects of energy intake and metabolism, successful pharmacological approaches to obesity have proven elusive. Despite considerable investments in pharmaceutical research, few effective obesity medications have been approved for marketing. In many cases, approved antiobesity drugs subsequently had to be w ithdrawn because of adverse risk profiles. 9 In 2012, after a hiatus of nearly 13 years, the FDA approved two new antiobesity drugs and is currently considering a third for approval. In this Review, we outline the pharmacology, efficacy and safety profile of these new agents and discuss their use in the m anagement of obesity.
system. 10 Lorcaserin is rapidly absorbed, reaching its peak circulating concentration 2 h after ingestion, and freely enters the central nervous system. 11 Lorcaserin has a mean half-life of 10-11 h and is predominantly excreted in the urine. 11 By activating 5-HT2C receptors, lorcaserin stimulates the release of melanotropin-α (also known as α-MSH), which decreases appetite through stimulation of melanocortin receptor 4 (MC4-R). 12 In mouse models of diabetes mellitus, lorcaserin not only decreases a ppetite but also seems to directly improve glucose t olerance and hepatic insulin sensitivity. 13 Lorcaserin has low affinity for other 5-hydroxytryptamine receptor subtypes, such as 5-HT2B, targeting of which has previously been associated with the development of valvular heart disease in patients receiving antiobesity drugs.
14 FDA approval of lorcaserin was based on the results of two phase II studies and three phase III randomized controlled trials ( Table 1) . The BLOOM (Behavioural Modification and Lorcaserin for Overweight and Obesity Management) study 15 included 3,182 participants without diabetes mellitus who had a BMI of 30-45 kg/m 2 , or a BMI ≥27 kg/m 2 and a weightrelated comorbidity (hypertension, cardio vascular disease, dyslipidaemia, impaired glucose metabolism or sleep apnoea) ( Table 1) . Participants were randomly allocated to receive either lorca serin 20 mg daily (n = 1,595) or placebo (n = 1,587) for 52 weeks. Study completion rates after 1 year were 55% for the lorcaserin group and 45% for the placebo group. A modified intention-to-treat (ITT) analysis excluded 145 patients who did not take at least one dose of the assigned treatment, and missing data were managed by last observation carried forward (LOCF) imputation (Box 1). The lorcaserin-treated group experi enced a statistically significant placebo-adjusted weight change of -3.6%. Almost twice as many participants in the lorca serin group as in the placebo group lost ≥5% of their initial weight (47.5% versus 20.3%, respectively). Lorcaserin treatment was also associ ated with statistically significant improvements in levels of fasting serum glucose, total cholesterol, tri glycerides and blood pressure ( Table 2) . A 1-year extension of the BLOOM study included all patients who had successfully completed the first year (lorcaserin group n = 856, placebo group n = 697). Individuals initially assigned to the lorcaserin group underwent a second round of randomization (in a 2:1 ratio) to either lorcaserin 20 mg daily (n = 573) or placebo (n = 283). Patients who were randomly re assigned to the placebo group regained more weight than those in the continued-lorcaserin group (final placebo-adjusted weight change of -0.9%, versus -3.2%) and had a lower probability of maintaining the ≥5% weight loss benchmark (50.3% versus 67.9%), respectively. However, findings from the BLOOM extension phase are potentially confounded by selection bias, because the participants who completed the initial 1 year of lorcaserin therapy might have different characteristics from the overall population initially randomized.
The BLOSSOM (Behavioural Modification and Lorcaserin Second Study for Obesity Management) 16 trial included 4,008 participants (aged 18-65 years) with a BMI of 30-45 kg/m 2 , or a BMI of 27.0-29.9 kg/m 2 plus an obesity-related comorbid condition (similar criteria to those used in BLOOM), who were randomly assigned to receive lorcaserin 10 mg (n = 801) or 20 mg (n = 1,602) daily or placebo (n = 1,601) for 52 weeks (Table 1 ). The modified ITT analyses excluded 131 patients who did not take at least one dose of the assigned agent and/or complete at least one follow-up visit. Missing data were handled using LOCF imputation. Similarly to the BLOOM trial, the proportions of patients who completed the study in BLOSSOM were 52.0% and 57.2% in the high-dose and low-dose lorcaserin groups versus 59% in the placebo group, and the average placeboadjusted weight change was -2.9% for patients receiving 20 mg lorcaserin daily and -1.8% for patients receiving 10 mg lorcaserin daily. The proportion of patients achieving ≥5% weight loss was significantly increased in the active-treatment groups (47% for 20 mg lorcaserin and 40% for 10 mg lorcaserin compared with 25% in the placebo group). Moreover, the patients receiving lorcaserin showed modest, but statistically significant improvements in waist circumference, HDL cholesterol and triglyceride levels (Table 2) , as well as quality of life (Impact of Weight on Quality of Life [IWQOL]-Lite score improvements of 12.2 and 12.6 with active treatment versus 10.4 with placebo), compared with those in the placebo group.
The BLOOM diabetes mellitus study (BLOOM-DM) 17 included overweight and obese patients with type 2 diabetes mellitus (T2DM) who were receiving metformin and/or a sulphonylurea. Patients were randomly assigned to one of three groups, stratified by T2DM treatment: lorcaserin 20 mg daily (n = 256), lorcaserin 10 mg daily (n = 95) or placebo (n = 253) for 52 weeks (Table 1) . The proportion of patients in each group who completed the study was higher than that reported in previous studies (66%, 79% and 62%, respectively). The modified ITT analysis excluded 11 patients who did not attend at least one follow-up visit, and LOCF imputation was applied for missing data. Similarly to the results of BLOOM and BLOSSOM, the placebo-adjusted weight change achieved by the active-treatment groups was -3.1% in the 20 mg lorcaserin group and -3.4% in the 10 mg lorca serin group. Moreover, significantly more patients in the active-treatment groups than in the placebo group achieved ≥5% weight loss (37.5% in the 20 mg lorcaserin group and 44.7% in the 10 mg lorcaserin group versus 16.1% in the placebo group). In contrast to the BLOSSOM trial, no dose-response
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■ Lifestyle interventions for obesity rarely result in sustained weight loss and are generally characterized by high rates of recidivism or weight regain ■ The primary aim of pharmacological treatments for obesity is to suppress the biological drivers of weight gain and dampen the biological counter-response to weight loss ■ Emerging medications show promise for obtaining clinically relevant weight loss as well as improvements in comorbidities ■ Further studies are needed to assess the long-term benefits and cost-effectiveness of these new agents relationship was evident between the lorcaserin regimen and the extent of weight loss in the BLOOM-DM study. The specific reasons for this finding could not be explored during the study. However, the researchers suggested that the higher age of the patients recruited in BLOOM-DM (mean age 52.7 years versus 43.8 years in the BLOSSOM trial) could be a contributory factor, given that ageing is associated with a physiological decrease in baseline metabolic rate, physical activity and energy requirements. 18 The placebo-adjusted effects of lorcaserin 20 mg daily on fasting serum glucose levels (-0.86 mmol/l), fasting insulin levels (-9.72 pmol/l), homeostasis model assessment (HOMA) index (-0.3 U) and the proportion of patients achieving target HbA 1c levels of ≤7% (24%) and ≤6.5% (15%) were all statistically significant and clinically relevant. Similar results were obtained in the group receiving lorcaserin 10 mg daily, despite the lack of a clear dose-response effect. The effects of lorca serin treatment on waist circumference, blood pressure and lipid profiles in patients with T2DM was modest, albeit comparable to those reported in BLOOM and BLOSSOM ( Table 2) .
Rates of serious and nonserious adverse events were slightly higher in the active-treatment groups in all three trials, although no single type of adverse event predominated. Pooled data from BLOOM and BLOSSOM 19 showed that the most common adverse events were headache (17% versus 10%), dizziness (9% versus 4%), nausea (8% versus 5%) and fatigue (7% versus 3%) for lorcaserin versus placebo, respectively. No differences were observed between the groups in the occurrence of depression, anxiety or other psychiatric adverse events. Among patients with diabetes mellitus, symptomatic hypoglycaemia was reported with greater frequency by those receiving lorcaserin (21-28%) than by those in the placebo group (12%).
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Given the association between valvular complications and treatment with previous serotonergic antiobesity medications (specifically fenfluramine and dexfenfluramine), 14 all lorcaserin studies included echocardiographic assessments of the study participants. The incidence of new valvulopathies did not differ between the lorcaserin-treated and placebo-treated patients (pooled relative risk 1.16, 95% CI 0.81-1.67). However, given the low incidence of valvulopathies in the placebo groups (~2%), these studies were statistically underpowered (β >0.4) to rule out a drug-related increase of 50% in the relative risk of valvulopathy.
Findings from the initial preclinical studies of lorcaserin suggest that at high doses this molecule has potential oncogenic effects, particularly for mammary, thyroid and brain tumours. 19 Phase III studies did not detect increases in the incidence of any neoplasms; however, no formal cancer screening was conducted in these studies, and their periods of observation were too short to make any definitive conclusion in this regard.
Phentermine-topiramate
Phentermine The amphetamine analogue phentermine is an effective, inexpensive and generally well-tolerated appetite suppressant 20 that has been widely used as an anti obesity drug for several decades. 21 Phentermine is rapidly absorbed after oral administration, undergoes minimal (5-10%) hepatic metabolism and is mainly excreted in urine (mean half-life 19-24 h). 22 The anorexic effect of phentermine is attributed to its sympathomimetic action, which is related to catecholamine release in the hypo thalamus. 23 Combined with behavioural therapy, treatment with phentermine hydrochloride (15.0-37.5 mg daily) is associated with a weight loss of 4-6 kg in the first 12 weeks. 24 Some evidence suggests that prolonged treatment with phentermine results in slightly greater weight loss (8-10 kg after 6 months). 25 However, the toler ability and effectiveness of phentermine is limited by a number of factors. The sympathomimetic mode of action of phentermine, which can cause high blood pressure, tachycardia, restlessness and insomnia, also has a theoretical potential to cause psychological dependence-in the USA, this agent is classified as a schedule IV controlled substance under the Controlled Substances Act-and tolerance to the drug can develop with long-term use. 23 As a result of these concerns, phentermine monotherapy is currently only r ecommended for short-term use, normally up to 12 weeks.
Topiramate
Topiramate is an anticonvulsant approved in the USA for the treatment of epilepsy since 1996 and, owing to its dilatory effect on the cerebral vasculature, for the prevention of migraine since 2004. 26 Similar to phentermine, this drug is rapidly absorbed after ingestion, excreted (mostly unchanged) in urine and has a mean half-life of 19-23 h. The precise mechanisms by which topiramate exerts its antiobesity effect are incompletely understood, but its efficacy seems to be related to a number of pathways: reduction in compulsive or addictive food craving via antagonism of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors and kainate receptors; decreased lipogenesis and modification of food taste via inhibition of carbonic an hydrase iso enzymes; and increased energy e xpenditure via a ctivation of γ-aminobutyric acid receptors. 26 Topiramate monotherapy at doses of 100-400 mg daily for 24-54 weeks results in weight loss of 6-8 kg and improvements in metabolic profiles. 27 However, the use of topiramate monotherapy for weight management has been limited by several common dose-dependent adverse effects, including paraesthesia, fatigue, dysgeusia (distortion of taste), difficulty with concentration and mood changes. 28 Fixed-dose combination therapy Phentermine-topiramate controlled-release (CR) is a fixed-dose combination of fast-acting phentermine (recommended dose 7.5-15 mg per day) and CR topiramate (recommended dose 46-92 mg per day), which was approved by the FDA in 2012 for the treatment of obesity. Approval of phentermine-topiramate CR was based on data from four phase II studies that used commercially available tablets of phentermine and topira mate (separately ingested) and three phase III trials that used fixed-dose combinations of these two agents, administered as a single tablet (Table 3) . EQUATE 29 was a small randomized controlled trial that included 756 patients with obesity (BMI 30-45 kg/m 2 ) but without T2DM. Participants were randomly assigned to one of seven treatment arms (placebo, phentermine 7.5 mg, phentermine 15 mg, topiramate 46 mg, topiramate 92 mg,
Box 1 | Data analytical terms

Intention-to-treat analysis
In an intention-to-treat analysis, participants in each randomized experimental group are included regardless of whether they fully complete the protocol, receive the assigned treatment or are lost after the first study visit. The logic behind using this type of analysis is to compare the effects of different intervention in a real-life scenario (given that patients who are not in clinical trials might discontinue management for a number of reasons), rather than just in patients who successfully complete the therapy as prescribed. In modified intention-totreat analysis patients must reach certain milestones in the protocol, such as completion of one or more visits after randomization, before they can be included in the analysis.
Last observation carried forward
Missing data in longitudinal datasets is often imputed by carrying forward the last known observation for the patient. Although this method is well-recognized and commonly used in longitudinal data analysis, its use might underestimate the variability of the observations over time and, consequently, overestimate the significance of the differences observed among groups. Notably, the US National Academy of Sciences recommends the use of multiple imputation methods instead of simple imputation methods, such as carrying the last observation forward, as the primary approach to deal with missing data in clinical trials.
or the combinations phentermine 7.5 mg-topiramate 46 mg, or phentermine 15 mg-topiramate 92 mg), in a factorial design, for 24 weeks (Table 1) . Completion rates were 63-69% and similar across all study arms. The ITT analy ses showed that the groups receiving phentermine and topiramate (both combined doses) exhibited a signifi cantly greater weight change from baseline (-8.2% and -9.0%) than either the group receiving placebo (-1.5%) or those receiving monotherapy with phentermine (-5.2% with 7.5 mg/day and -5.8% with 15 mg/day) or topiramate (-4.9% with 46 mg/day and -6.1% with 92 mg/day). Similarly, the proportions of patients who achieved ≥5% weight loss was significantly higher in the combination therapy groups (62% and 66%) than in the placebo group (15%) or the groups receiving the individual drugs (phentermine 43% and 46%; topiramate 39% and 49%, respectively).
Researchers of the EQUIP trial 30 randomly assigned patients with obesity (BMI >35 kg/m 2 ) without T2DM to receive placebo (n = 514), low-dose phenterminetopiramate CR (3.75 mg-23 mg daily, n = 241) or high-dose phentermine-topiramate CR (15 mg-92 mg daily, n = 512) for 52 weeks (Table 1) . Completion rates ranged from 47% to 59% and were highest in the activetreatment groups. The ITT analyses demonstrated a statistic ally significant and dose-dependent superiority of phentermine-topiramate CR with regard to the amount of weight lost (10.9 kg with the high-dose combi nation, 5.1 kg with the low-dose combination versus 1.6 kg with placebo). These decreases in body weight were accompanied by improvements in waist c ircumference, t riglyceride levels and blood pressure ( Table 3) .
The CONQUER trial 31 included patients who were either overweight or obese (BMI 27-45 kg/m 2 ) and had two or more obesity-related comorbidities (hypertension, prediabetes, T2DM, dyslipidaemia or visceral adiposity). Participants were randomly assigned to receive placebo (n = 994) or one of two active treatments: phentermine 7.5 mg-topiramate CR 46 mg, (n = 498) or phentermine 15 mg-topiramate CR 92 mg (n = 995) for 56 weeks (Table 1) . Completion rates were 62-75% and highest in the active-treatment groups. Despite the Results quoted are from the modified intention-to-treat population; missing data were imputed from the last observation carried forward. All groups received standardized lifestyle counselling. *P <0.05 versus placebo. ‡ Placebo-corrected changes from baseline. Abbreviations: FSG, fasting serum glucose; LS, least-squares; NR, not reported; SAE, serious adverse events; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.
increased heterogeneity of this study population, which included a wide BMI range and patients both with and without diabetes mellitus, and the fact that the participants had more obesity-related comorbidities than the EQUIP cohort, results from the modified ITT analyses were consistent with those from EQUIP. The CONQUER researchers reported a placebo-adjusted weight change of -8.6% in the high-dose combination therapy group, and the proportion of participants achieving ≥5% weight loss was 67% in the high-dose group versus 17% in the placebo group. SEQUEL 32 was a double-blind 52-week extension of CONQUER, which included 676 of 866 (87%) eligible CONQUER participants ( Table 1 ). The modified ITT analyses of SEQUEL data demonstrate that the weight loss and favourable metabolic effects of p hentermine-topiramate CR are largely maintained over 2 years (Table 3) . Although blood pressure decreased to a numerically similar extent in all three treatment groups (3-5 mmHg at 108 weeks), patients in the active-treatment groups experi enced a net decrease in the number of anti hypertensive medications used. Other cardio vascular risk factors, such as dyslipidaemia and high fasting serum glucose levels, improved to a greater extent with active treatment than with placebo, as reflected by significant reductions in the annualized incidence of T2DM (54% with phentermine 7.5 mgtopiramate CR 46 mg and 76% with phentermine 15 mg-topiramate CR 92 mg versus placebo). 33 However, data from the SEQUEL trial should be interpreted with caution, as the extension phase was prone to selection bias, because it only included patients who completed the CONQUER trial.
The safety profile of phentermine-topiramate CR was largely consistent across all four studies. Patients on highdose combination therapy had a higher probability than those on low-dose therapy to present with para esthesia (~20%), dry mouth (~20%), constipation (~15%) and other mild adverse events (Table 2) . A slight, but statistically significant, increase in heart rate (1.7 bpm) was Lifestyle modification was advised for all individuals using the LEARN Program for Weight Management. Results quoted are from the modified intention-to-treat (CONQUER) or intention-to treat (EQUATE, EQUIP, SEQUEL) populations and missing data were imputed from the last observation carried forward. *P <0.05 versus placebo. ‡ Placebo-corrected changes from baseline. Abbreviations: FSG, fasting serum glucose; LS, least-squares; NR, not reported; P, phentermine; SAE, serious adverse events; SBP, systolic blood pressure; T, topiramate; TC, total cholesterol; TG, triglycerides.
REVIEWS noted in the high-dose groups, and the proportion of participants who experienced a 10 bpm increase in basal heart rate was higher in the actively treated groups than in the placebo groups (23-26% versus 16%, respectively). Overall, the rate and type of serious adverse events did not differ between the placebo and active-treatment arms. The incidence of new cases of depression in the phase III trials was low and comparable among experimental groups (3.4-5.0%); however, notably, patients receiving high-dose phentermine-topiramate CR had a fourfold to sevenfold higher probability than those receiving placebo to discontinue treatment owing to a mental-health-related adverse event, such as anxiety, insomnia or depression. Cognitive disorders (confusion, disorientation and mental impairment) were also more frequent in patients receiving active treatment than in those on placebo (7.6% versus 1.5%); these symptoms were commonly reported within the first month of treatment and seemed to be dose-related. Nevertheless, the trials of phentermine-topiramate combination therapy, reported fewer adverse events and lower dropout rates than earlier studies of phentermine monotherapy for weight management. 24 The use of low doses and CR preparations might also have contributed to the reduction in adverse event rates observed in the c ombination-therapy trials.
A key limitation of the available evidence supporting the FDA approval of phentermine-topiramate CR is that most study participants were white American women, which limits the generalizability of the results to other ethnic groups. Results from the UK Epilepsy and Pregnancy Registry 34 suggest that exposure to topira mate during pregnancy increases the incidence of orofacial clefts (2.2% versus 0.2%) and hypospadias (5.1% versus 0.3%) compared to that in the general population. For female patients of reproductive age, a risk evalu ation and mitigation strategy has been mandated by the FDA. This strategy includes education of patients and health-care providers, emphasizing the need for effective contra ception, documentation of a negative pregnancy test before initiating topiramate treatment and monthly thereafter while receiving this treatment, as well as special c ertification requirements for pharmacies that dispense the drug.
Naltrexone-bupropion
Bupropion Bupropion is a noradrenaline and dopamine re uptake inhibitor that has been used in the treatment of depression for more than three decades 35 and smoking cessation. 36 Orally administered bupropion is rapidly absorbed and reaches peak plasma concentrations in 2 h. This agent is metabolized by the liver to multiple (less active) metabolites and is eliminated primarily by urinary excretion. 37 The modest weight loss seen in patients receiving bupropion therapy has been attributed to its stimulatory effect on POMC-producing neurons in the arcuate nucleus of the hypothalamus. 36 Specifically, decreased energy intake and increased locomotor activity and thermogenesis 38 result from secretion of α-MSH and subsequent activation of MC4-R. However, increased synaptic concentration of POMC increases the production of β-endorphin, an endogenous opioid, which inhibits POMC via a negative-feedback loop that reduces the secretion of α-MSH. 39 This autoregulatory mechanism is believed to limit the antiobesity effect of bupropion monotherapy. 40 Naltrexone Naltrexone is an opioid receptor antagonist that has been used since 1963 to treat opiate addiction and, since 2006, for alcohol addiction. 41 Naltrexone is almost fully absorbed after ingestion but undergoes extensive firstpass hepatic metabolism that reduces its bio availability to 5-40%. This agent reaches peak plasma concentrations after 1 h, has a half-life of 4 h and is mainly excreted by the kidney. 41 Administration of naltrexone alone has no effect on body weight. 42 However, when coadministered with bu propion, naltrexone is postulated to reduce β-endorphin levels, thereby suppressing the negative-feedback regulation resulting from elevated POMC levels and increasing and sustaining bupropion's effect on energy intake and expenditure. 43 Moreover, some evidence suggests that the anti-opioid effect of naltrexone could reduce the β-endorphin-induced pleasurable sensations associated with the ingestion of palatable food, which could have additional benefits in weight management. 44 Combination therapy A total of 15 phase I and four phase II studies have investigated combinations of naltrexone and bupropion, which have been extensively reviewed elsewhere. 42 The finding that naltrexone 32 mg-bupropion 360 mg daily treatment was associated with smaller decreases in both systolic (-0.5 mmHg versus -1.6 mmHg) and diastolic (-0.7 mmHg versus -1.3 mmHg) blood pressure versus placebo led to the denial of FDA approval in early 2011 and initiation of the Cardiovascular Outcomes Study of Naltrexone SR-Bupropion SR in Overweight and Obese Subjects With Cardiovascular Risk Factors (The Light Study), which is expected to be completed by mid-2017. In the meantime, although not yet approved by the FDA, this novel fixed combination of sustained-release (SR) naltrexone and SR bupropion is currently undergoing review as a fast-track resubmission. The producing company has addressed some of the regulatory concerns and provided additional analyses of their clinical data. In this Review, for consistency with the discussions of other antiobesity therapies, we limit our discussion to the results of the four large phase III randomized controlled trials (Table 4) .
Researchers of the Contrave Obesity Research Study (COR-I) 45 randomly assigned patients with uncomplicated obesity to placebo (n = 581), naltrexone 16 mgbupropion 360 mg daily (n = 578) or n altrexone 32 mg-bupropion 360 mg daily (n = 583) groups (Table 1) . Although active treatments resulted in statistic ally signifi cant placebo-adjusted weight change, (-3.7% in the low-dose group and-4.8% in the high-dose group) this effect was rather modest and below the primary efficacy benchmark proposed by the FDA (a placebo-adjusted weight loss >5% of initial body weight). However, in this study, patients receiving active treatment exhibited a significant increase in the proportion of 5% weight loss achievers (39% in the low-dose group and 48% in the high-dose group versus 16% in the placebo group). Reaching the alternative efficacy benchmark proposed by the FDA-that is, ≥5% weight loss achieved by ≥35% of participants in the active-treatment groups, and approximately double the proportion of those who achieve this weight-loss target in the placebo-treated group. Patients in the active-treatment groups also had statistically significant, albeit rather modest, improvements in dyslipidaemia and hyperglycaemia (Table 4) . Despite their increased weight reductions, patients receiving active treatment did not have a significant decrease in blood pressure from baseline, resulting in a slight, but statistically significant, placebo-adjusted increase of ~2 mmHg in blood pressure by the end of the study.
Participants of the Naltrexone/Bupropion Combination Therapy as an Adjunct to Behaviour Modification (COR-BMOD) trial 46 were similar to those included in the COR-I study. Patients were randomly assigned to receive placebo (n = 202) or naltrexone 32 mg-bupropion 360 mg (n = 591) daily for 56 weeks, in conjunction with an intensive behaviour-modification programme (Table 1) . Completion rates were close to 60% in both groups, although the modified ITT analyses (which included only participants with ≥1 post-baseline weight measurement while taking the study drug) excluded a higher proportion of patients taking the active treatment (18%) rather than the placebo (4.5%). Although the addition of behaviour modification increased the absolute weight loss in both groups (compared with the results from COR-I), the placebo-adjusted weight change in the active group (-4.2%) was similar to that observed in the COR-I study (-4.8%). The proportion of patients who attained ≥5% weight loss was also higher in the active-treatment group than in the placebo group (66% versus 42%), but this difference was less pronounced than in COR-I. Placebo-adjusted changes in metabolic para meters and blood pressure were also similar to those in COR-I. Patients in the active-treatment arm showed a less-pronounced drop in blood pressure compared to those in the placebo group (-1.3 ± 0.5 mmHg versus -3.9 ± 0.7 mmHg), which resulted in an absolute placeboadjusted increase in blood pressure of ~2.6 mmHg in the active-treatment group at the end of the study. The results from COR-II and COR-DIABETES have yet to be fully published. The data presented in the FDA application are based on the results from 2,313 patient-years of therapy in the active-treatment group and 1,092 patientyears on placebo (pooled from patients with and without diabetes mellitus in all phase II and III studies; Table 1) . 47 This evidence suggests that administration of naltrexone 32 mg-bupropion 360 mg daily, in conjunction with behaviour modification (diet and exercise), led to statistically significant weight losses of 7.0% from baseline after 1 year of treatment (compared with losses of 2.3% when taking placebo). The proportion of patients achieving ≥5% weight loss in these studies was also significantly higher in the active-treatment groups than in the placebo groups (50% versus 17% for COR-II, and 45% versus 19% for COR-DIABETES, respectively). The decreases in body weight observed in the naltrexone 32 mg-bupropion 360 mg groups were also associated with statistically significant improvements in other meta bolic parameters (waist circumference -7.1 cm versus -3.4 cm, HDL cholesterol levels 0.10 mmol/l versus 0 mmol/l, and triglyceride levels -0.13 mmol/l versus -0.03 mmol/l; all comparisons versus placebo). Across all phase III studies, in individuals without T2DM, naltrexone 32 mg-bupropion 360 mg daily led to a signifi cant increase in the proportion of patients achieving a clinically meaningful improvement in quality of life (defined as 7.7 points on the IWQOL-Lite scale) 48 -49-56% for naltrex one 32 mg-bupropion 360 mg daily versus 30-38% for placebo. 47 Interestingly, despite significant improvements in dia betes control compared to placebo (fasting serum glucose -0.66 mmol/l versus -0.22 mol/l, HbA 1c -0.6% versus -0.1%, HOMA insulin resistance -20.6% versus -14.7%), no beneficial effect on quality of life was observed in patients with diabetes mellitus.
When compared with placebo, overall rates of adverse events (86% versus 75%) and rates of serious adverse events (2.3% versus 1.7%), as well as the proportion of patients who discontinued treatment owing to adverse events (24% versus 12%), were consistently higher in the active-treatment groups across all studies (Table 4) . Adverse events related to active treatment tended to occur within the first 4 weeks of treatment; the most frequent adverse events were (absolute values) nausea (32%), constipation (18%), headache (17%), vomiting (10%), dizziness (10%), insomnia (9%) and dry mouth (8%). Pooling the results from the aforementioned studies, no effect on the incidence of depression or mood changes was associated with bupropion-n altrexone t reatment compared to placebo (2.8% versus 3.5%).
Obesity therapy in clinical practice
As illustrated in Figure 1 , an initial comparison of the results obtained with all three medications suggests that phentermine-topiramate CR might offer the greatest benefit (almost twice as much as lorcaserin or naltrex one SR-bupropion SR). However, such indirect comparisons should be considered only as hypothesis-generating, given that other factors-interindividual variation in patients' responses to these treatments, concurrent interventions and follow-up intensity-could account for these between-trial differences in the weight loss achieved.
Both lorcaserin and phentermine-topiramate CR have been approved in the USA as adjunct therapies for weight management in patients with a BMI >30 kg/m 2 , or a BMI of 27-30 kg/m 2 and at least one weight-related comorbidity. FDA recommendations indicate that management with either of these agents should be started at low doses and titrated upwards over 3-4 weeks and that treatment should be discontinued in patients who do not reach a ≥5% weight loss after 12 weeks of therapy. The latter recom mendation reflects the belief that the risk of taking these medications is greater than the benefits obtained when only a modest amount of weight loss occurs.
The approval of these two agents addresses an important therapeutic need in obesity management, however, the long-term effectiveness of such treatments outside the clinical trial setting remains to be demonstrated. 1-year attrition rates reported across the studies discussed in this Review ranged from 25% to 60%, and this factor needs to be considered when interpreting and extrapolating from the results. Moreover, the long-term adherence rates reported for previously approved antiobesity therapies are also very low (just 2% after 2 years), and whether newer agents have improved long-term adherence remains to be seen. 49 Potential pharmacological interactions with existing therapies and adverse effects associated with obesityrelated comorbidities need to be considered before starting any pharmacological approach to weight manage ment, especially in populations at increased risk of these adverse effects (Table 5 ). Given past experience with antiobesity medications, 50 collection of postmarketing surveillance data to verify the safety of these treatments is paramount. The individual components of phentermine-topiramate CR and naltrexone SRbuproprion SR combinations have been available for decades and, therefore, unanticipated adverse effects are unlikely to emerge. However, lorcaserin, as a novel entity, might well deserve particular postmarketing scrutiny. Another factor that is also important to note is that although access to these agents might remain limited to the select group of patients who can afford or have insurance coverage for these medications (the estimated annual cost of which ranges from US$1,500 to $2,000), their use for the treatment of obesity could still expose a substantial population to drugs for which we do not yet have ample experience derived from w idespread use.
In addition, the current indications for treatment with these antiobesity drugs are based solely on BMI cri teria, which might poorly reflect patients' actual health status or risk. Alternative systems for the assessment of obesity risk have been proposed that take into account the medical, mental and functional status of patients with excess weight. 51 We suspect that obesity treatments might 
Conclusions
The FDA approval of lorcaserin and phenterminetopiramate CR and the pending FDA decision on naltrex one SR-buproprion SR, are developments that address important therapeutic gaps in the management of obesity. Given both the poor long-term outcome of lifestyle interventions and the risks and limited availability of bariatric surgery, use of antiobesity medications in conjunction with lifestyle modification can lead to clinically meaningful weight loss in the range of 5-10%.
Finally, despite clinically significant improvements in metabolic and cardiovascular risk profiles seen with these agents, benefits have yet to be demonstrated in terms of improvements in 'hard' cardiovascular outcomes, for example, myocardial infarction, stroke and death. Results from large outcome trials investigating these new m edications are expected to be completed in the coming 3-5 years.
Review criteria
A broad literature search was conducted in Medscape (PubMed) using "lorcaserin", "naltrexone", "bupropion", "phentermine", "topiramate" and "weight" or "obesity" as search terms. In addition, FDA Advisory Meeting Briefing Documents related to new drug applications for each agent were reviewed.
